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ABSTRACT: Drift tube chambers are commonly used in many experiments in High Energy 
Physics (HEP). This paper addresses the problem of particle track finding in a drift tube 
chamber. Although drift tubes have, in general, a high efficiency to detect the passage of 
particles, in a high radiation background some of the particle hits will be masked by background 
hits. Under the assumption of high tube efficiency, a novel track finding algorithm, denoted as 
the Drift Tube Hough Transform (DTHT) algorithm, is presented. The DTHT algorithm uses 
the possible explanations for a lack of particle hits as additional information, and takes into 
account all possible scenarios that may occur in the tubes. The DTHT is implemented with a 
novel extension of the Hough transform and employs a “detect before estimate” approach that 
first finds the track candidates and then estimates the track parameters. In order to evaluate the 
performance of the DTHT algorithm, the algorithm was applied to the Monitored Drift Tube 
(MDT) of the ATLAS experiment and tested using a muon test beam in a high radiation 
background. It is shown that the use of the additional information reduces the number of fake 
track rate significantly. A comparison between the DTHT algorithm and the currently best 
performed program in the ATLAS software, demonstrated that the DTHT algorithm can achieve 
higher efficiency while reducing the algorithm complexity. 
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Particle tracking in High Energy Physics (HEP) experiments is a very demanding task. The 
Large Hadron Collider (LHC) accelerator [1] and its experiments present new challenges for 
particle tracking. The high radiation background expected in the LHC environment requires 
track finding algorithms that handle many background hits and provide high robustness towards 
noise. 
Drift tube chambers [2] are commonly used in many experiments in HEP, providing good 
hit position measurements. The drift tubes are, in general, very efficient, i.e. a particle that 
crosses the tube produces a hit with a very high probability. In a high radiation background, the 
drift tubes suffer from background hits, which often deteriorate the measurements of the 
particles of interest. In such environment, naïve tracking algorithms (see, for example, the 
algorithm described by D. Adams et al. [3]) have high fake track rate. An algorithm that takes 
into account the radiation background effects and hence reduces the fake track rate was 
developed by the ATLAS collaboration [4]. 
This paper presents a novel algorithm for track finding in a drift tube chamber. The 
algorithm, denoted as the Drift Tube Hough Transform (DTHT) algorithm is based on several 
ideas: 
a. Assuming a high efficiency of the drift tubes, the algorithm uses all available 
information that may explain the cases where a particle crosses the tube but does not 
produce a hit.  
b. The algorithm employs a “detect before estimate” approach that first finds the track 
candidates and then estimates the track parameters. 
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c. The algorithm uses a novel modification of the Hough transform for finding the 
particle tracks.  
In order to evaluate the tracking performance of the DTHT algorithm in a high radiation 
background, the algorithm was implemented on muon tracking through the Monitored Drift 
Tubes (MDT) chambers of the ATLAS experiment [5]. The algorithm was tested using a muon 
test beam in conjunction with a photon source, and compared to a naïve algorithm [3] as well as 
to the MuonBoy program [4], which represents the best performing algorithm used within the 
ATLAS software. 
The description of the DTHT algorithm in this paper has been adapted to the muon 
tracking problem within the MDT chamber. The algorithm is, however, general enough to be 
used for any other drift tube chamber. 
The rest of the paper is organized as follows: in section 2 the MDT chamber and the track 
finding problem are described. In section 3 the new tracking approach and its geometrical 
representation to the tracking problem are presented. In section 4 the DTHT algorithm, based on 
an extension of the Hough transform, is described. Results of test beam data are shown in 
section 5, and are discussed in section 6. The conclusions are presented in section 7. 
2. Tracking in the MDT chamber 
The ATLAS Muon Spectrometer [4] is located in a high radiation background environment 
(mostly neutrons and photons) which makes the muon tracking a very challenging task. The 
Monitored Drift Tube chambers (MDTs) provide the tracking device in most of the 
spectrometer area. The basic MDT detection element is a cylindrical aluminum drift tube of 
30 mm diameter and length in a range of 0.9 to 6.2 m. An anode wire of 50 µm diameter is 
positioned along the tube. The tubes are filled with Ar:CO2 (93:7) at an absolute pressure of 
3 bars. Operated at a high voltage of 3080 V corresponding to a gas gain of 20,000, the tubes 
have an average spatial resolution of 80 µm.  
An MDT chamber consists of two multi-layers, each formed by three or four layers of 
tubes. Chamber mechanical deformations are monitored by an optical system; hence the name 
‘Monitored Drift Tube Chambers’. Muons traversing a drift tube ionize gas molecule along their 
path. The ionized cluster of electrons drifts towards the anode wire and a charge avalanche 
develops. The output signal is the digitized drift time which is followed by a dead-time period 
set to the maximum drift time of about 790 ns. Figure 1 describes the drift path of the ionized 
cluster to the wire and the MDT chamber geometry. 
The particle hit position can be measured using a so called r-t relation. The time it takes the 
ionized cluster of electrons to reach the anode wire and generate an electric signal is 
 
Figure 1. An electron avalanche through the anode wire in a drift tube (left). Schematic drawing of an 
MDT chamber (right) [1]. 
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proportional to the distance between the particle hit and the wire. Using the r-t relation it is 
possible to calculate the distance of the hit position to the wire. Given a set of particle hit radii 
(drift circles), one should find the muon track and estimate its parameters. Since the curvature of 
the muon track in an MDT chamber is negligible, the local tracking problem is solved by 
finding all the possible straight lines given a set of hit measurements. Figure 2 describes an 
example of this tracking problem. 
The ATLAS muon chambers experience high neutron and photon background count rates, 
which have a significant impact on their performance [6],[7]. At the LHC design luminosity of 
1034 cm-2s-1, count rates of up to 500 Hz cm-2 (including a safety factor 5) are expected. This 
corresponds to a count rate of 300 kHz per tube for the longest tubes in the region of high 
background. The neutron and photon background is caused by the hadrons in the proton-proton 
collisions that interact with the calorimeters, the shielding material, and the accelerator 
elements. As the muon chambers are operated in an open geometry environment instead of 
being between iron absorbers, thermalized neutrons from the hadronic interactions and photons 
penetrate the muon spectrometer and hit the muon chambers.  
In order to test the tracking performance of the MDT chambers at the ATLAS background 
rates, one of the largest MDT chambers of the ATLAS detector was equipped with final 
electronics and operated in the Gamma Irradiation Facility (GIF) at CERN in summer 2003 and 
2004. This facility provides a 100 GeV muon beam and a 664 GBq137Cs source emitting 
662 keV photons used to simulate the ATLAS background. A detailed description of the GIF 
and the detector under test can be found in [8].  
The neutron and photon background reduces the muon detection efficiency of the tubes. 
After a hit is detected, the read-out electronics cannot detect another hit within the fixed dead 
time of 790 ns after the first hit. Hence, a muon hit is not detected when it falls into the dead-
time window after a preceding background hit.  
The naïve track reconstruction tries to find all tracks with at least N muon hits, where N is 
a predefined number, smaller or equal to the number of layers in the chamber. A muon hit is 
defined as a drift radius whose distance from the actual muon track is smaller than 3 times the 
tube spatial resolution [8]. Figure 3 shows the percentage of events with N= 2, 3, and 4 for the 
test-beam data sets. The curves in figure 3 correspond to the maximum track finding efficiency 
which can be achieved if one uses N=2,3, or 4 in the track finding algorithm. It can be seen that 
 
Figure 2. Example of a track, given a set of drift circles. One should find all possible lines that are 
tangent to a minimum subset of drift radii. 
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the track finding algorithm have to look for tracks with at least 3 muon hits if a track finding 
efficiency above 95% is to be achieved. Unfortunately, the number of fake tracks increases with 
decreasing N. It is shown in the next sections that the use of additional information can decrease 
the fake track rate without decreasing the efficiency.  
3. The track identification approach 
The ATLAS drift tubes have full efficiency in their sensitive regions, i.e. whenever a muon 
traverse a tube, this tube produces an electrical signal (hit). In the presence of photon and 
neutron background, due to the dead time in the MDT read-out electronics, the drift radius of 
this hit might not correspond to the distance of the traversing muon from the anode wire of the 
tube. The proposed approach is to use the high efficiencies of the drift tubes and not only the 
muon drift radii in order to solve the track finding problem. The suggested approach uses 
additional information that explains the reason for getting wrong radii or no hit when a muon 
crosses the tubes. For example, a preceding background particle hit can explain the wrong drift 
radius output, and a muon that crosses the tube wall can explain the reason of a lack of a hit in 
one of the chamber layers. Part of this additional information was used in [4],[9],[10] and was 
proven to be useful for improving the track finding performance. The use of the hits with the 
correct radii (muon hits), together with the additional information limits the fake track rate; 
those tracks that are not associated with information that explains the lack of muon hits are 
rejected. 
Since the drift time of the electron clusters in the tube is relatively long compared to the 
proton beam collision rate, another muon detector (trigger chamber) provides a reference time 
t0. It is the earliest time one may expect the muon to pass the tube. This time together with the 
maximum possible drift time (790 ns), define a time window 0 0[ , 790]t t +  in which a muon is 
 
Figure 3. Fraction of muon detected events with at least N=2,3,4 muon hits, as a function of the 
background rate, measured in the test beam. A muon hit gives a correct drift radius, i.e., the distance 
between the muon track and the drift radius of a muon hit is smaller than 3 times the tube spatial 
resolution. 
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expected to be identified. Since the tube, after it fires, has a dead time of about 790 ns, a 
background particle coming within the time window of 0 0[ 790, 790]t t− +  has a potential to mask 
the muon. For each tube crossed by the muon, there are several basic scenarios, described in 
table 1. For each scenario, the possible regions that the muon may cross the tube are drawn. 
In scenario (a), a muon particle with hit time within the time window causes the tube to 
fire. The grey ring represents the distance of the possible tracks to the tube center. Its radius is 
the measured drift radius, and its width is proportional to the drift radius measurement error. In 
scenario (b) a background particle with hit time within the time window causes the tube to fire. 
Since the muon track is masked by the background particle track, it could cross the tube 
anywhere between the measured background particle radius and the tube wall without getting 
the tube to fire. This possible distance between the muon track and the tube center is represented 
geometrically by the grey area within the tube. In scenario (c) a background particle with a hit 
time preceding the time window causes the tube to fire. Since the muon track can be masked by 
the background particle track, it can cross the tube anywhere between the tube center and the 
radius appropriate to the background hit plus the dead time (790 ns). Similarly to the previous 
 
Table 1. The basic scenarios given that the muon crosses the tube. The left column describes the scenario, 
the middle column describes the hit time, and the right column describes the geometrical representation of 
the possible muon track regions. The diagonal patterned area in the middle column describes the tube 
dead time .The grey diagonal patterned area in the right column describes the possible regions in which 
the muon track may cross the tube. The time t 
 
in cases (b) and (c) is an example of a possible muon hit 
time. 
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case, the possible distance between the muon track and the tube center is represented 
geometrically by the grey area within the tube. In scenario (d) the muon crosses the tube wall, 
and therefore the tube does not fire. This scenario can also be applied for tubes that are known 
to malfunction. The possible muon tracks that cross the tube are geometrically represented by a 
grey ring with radius equal to the tube wall, and width equal to the tube wall width. 
Using table 1 it is possible to geometrically represent all the possible regions the muon 
may cross. This geometrical representation is the combination of the basic scenarios of table 1. 
For example, given one measured drift radius, three scenarios are possible; the tube fired due to 
the passage of the muon (scenario (a)), the tube fired because of the background particle and the 
muon hit was masked by the background particle (scenario (b)), and the tube fired because of 
the background particle and the muon hit crossed the tube wall. Thus, the total geometrical 
representation for this case is the combination of basic scenarios (a), (b) and (d) as described in 
figure 4. 
The track candidate is modeled as a straight line with parameters ( , )ρ ϕ . Each track 
candidate crosses the possible muon track regions. The sum of the i-th basic scenarios the track 
crosses is represented by ( , ) (0,1,..., )iH Mρ ϕ ∈  where M  is the number of tubes the track 
crosses. Figure 5 provides an example of the geometric representation of the tracking problem. 
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H wρ ϕ ρ ϕ
=
Λ = ⋅∑  (2) 
 
Figure 4. An illustration of all possible regions the muon may cross given a drift radius measurement. 
The geometrical representation is the combination of three basic scenarios (a), (b) and (d) of table 1. 
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where ( )i iw p θ= are the weights for each basic scenario. During the calibration process one can 
determinate the background level and measure the empirical probability ( )ip θ for each scenario 
of table 1. It is assumed that the background level is uniform over a chamber, and thus ( )ip θ  is 
constant for a chamber. However, since different chambers are placed in different locations, the 
probabilities ( )ip θ  might not be the same for all chambers. 
A muon track is detected if ( , )ρ ϕΛ  has a local maximum above a predefined threshold λ : 
 ( , )ρ ϕ λΛ >  (3) 
In the next section, an algorithm, denoted as the DTHT algorithm, is described. The 
algorithm, which is based on a modification of the Hough transform, calculates ( , )ρ ϕΛ  and 
finds its local maxima above a pre-defined threshold. 
4. The DTHT algorithm 
The proposed DTHT algorithm can be divided into two phases, following the ‘detect before 
estimate’ approach. The first phase is used for finding the tracks (track finding), and the second 
phase is used for estimating the parameters of those tracks (track fitting). The track finding 
phase is based on a modification of the Hough transform, which numerically solves the problem 
described in (3). Then, during the track fitting phase, all found tracks are fitted using an iterative 
procedure. 
4.1 The Hough transform 
The identification of a relatively short track segment within a particle detector can be translated 
to line identification in a noisy image [11]. The detection of straight line-segments in images is 
a problem that often occurs in image analysis. One method for detection of collinear points is 
related to the Hough transform (HT) [12],[13],[14]. Points in the image are transformed into 
lines in a line parameter space. Lines in the parameter space corresponding to collinear points 
will cross each other at one point. This point defines the spatial parameters of the line through 
the collinear points. 
 
Figure 5. An example of the track finding problem. The geometrical representation for each tube is the 
combination of the basic scenarios of table 1. The track candidate with parameters 0 0( , )ρ ϕ  crosses one 
possible track region for each tube, corresponding to one scenario. 
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In practice, the parameter space is divided into an array of discrete cells. When a point in 
the image space is transformed into a line in the parameter space, all cells crossed by the line are 
incremented. If n points are approximately collinear, the line parameters in the image space 
correspond to a local maximum in the parameter space, produced by the approximate 
intersection of n lines. Thus, the Hough transform reduces searching for collinear points in the 
image to looking for cells in the parameter space which are local maxima. Figure 6 illustrates 
the transform of three collinear points in an image to the Hough parameter space. 
An extension of the Hough transform is suggested in [15] where each point 
{ | 1,..., }mT m M=  has a circularly symmetric scalar cost field ( )mC r . The cost of a path l is 
increased by ( )mC r  if the Euclidean distance from the path to the point mT  is r. The optimal 
path is the one whose cost is minimal. This optimal path is found by a Hough-like parameter 
space approach, in which an extended Hough transform function ( , )C ρ θ  represents for a pair 
of normal parameters ( , )ρ θ  the cost of respective path. 
4.2 The track finding phase 
The DTHT track finding phase is based on an extension of [15] and uses a novel 
modification of the Hough transform. The basic scenarios described in table 1 are used as 
different layers in the Hough parameter space ( , )ρ ϕH : 
 1 2 3 4( , ) [ ( , ), ( , ), ( , ), ( , )]H H H Hρ ϕ ρ ϕ ρ ϕ ρ ϕ ρ ϕ=H  (4) 
For each tube, the possible muon track regions described in section 3 are used for the 
transform. For a pair of normal parameters ( , )ρ ϕ , the Hough transform function ( , )iH ρ ϕ  
represents the number of tube possible regions, associated with the basic scenario i , that were 
crossed by the respective track. The layer i of the parameter space ( , )iH ρ ϕ is represented by a 
set of N Nρ ϕ⋅  accumulators or cells in the ( , )ρ ϕ  space, where Nρ and Nϕ  are the number of 
sample points in the ( , )ρ ϕ  space. 
Let { | 1, , }mT m M= L  be a set of M tubes centers inside a MDT station. Let L be the set of 
straight lines that traverse the station. Every tube center mT  is characterized by its polar 
coordinates max( , ),0 ,0 2m m m mρ ϕ ρ ρ ϕ pi≤ < ≤ < . A track l is represented by its normal 
 
Figure 6. Points in the image (left) are transformed into lines in a line parameter space (right). Lines in 
the parameter space corresponding to collinear points will cross each other at one point. 
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parameters max( , ),0 ,0 2l l l lρ ϕ ρ ρ ϕ pi≤ < ≤ < . The origin of a polar coordinate system is located 
at the center of the chamber, as shown in figure 7. 
Around each tube mT  there exists a set of possibly 4 muon track regions; each 
corresponded to a different basic scenario, as described in table 1. Each muon track region is 
digitized, providing a set of discrete radii. For each tube mT  and for each discrete radius r, a set 




( ) cos( ), [0,2 )





ρ ρ ϕ ρ ϕ ϕ ϕ pi
ρ ρ ϕ ρ ϕ ϕ ϕ pi
= + = + − ∈




0| ( ) |m rρ ρ ϕ− = . 
The solution ( , )ρ ϕ  of (5) is quantized, and the appropriate accumulator in the Hough 
space is incremented. At the end of the accumulation phase, each Hough space layer ( , )iH ρ ϕ  
holds the sum of tubes with basic scenario i that were crossed by the track with normal 
parameters ( , )ρ ϕ . 
 
Figure 7. Tube center and track representation. 
 
Figure 8. Typical lines at distance r from 
mT  (left) and the pair of sinusoids in the parameter space (right). 
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Let ( , )W ρ ϕ be a function of the multi-layers Hough space: 
 ( , ) ( ( , ))W fρ ϕ ρ ϕ= H  (6) 
where the function ()f defines the approach used. 
In the search phase ( , )W ρ ϕ  is searched for a local maximum above a predefined 
threshold. For example, 
 1( , ) ( , )W Hρ ϕ ρ ϕ≡  (7) 
is related to the case where no other information but the drift radii are used, as in figure 2. 




( , ) ( , ) ( )i i
i
W H pρ ϕ ρ ϕ θ
=
≡ ⋅∑  (8) 
and thus: 
 ( , ) ( , )W ρ ϕ ρ ϕ= Λ  (9) 
where ( , )ρ ϕΛ  is defined in (2) with ( )i iw p θ= . 
In order to calculate an approximated solution to (3), one should find local maxima of 





ρ ϕ λ>( )  (10) 
While in (3) the problem is described for continuous values of the line parameters ( , )ρ ϕ , 
in (10) the parameter space is sampled into a set of discrete values, and the maximization 
problem is solved numerically for discrete set of line parameters. The size of the parameter 
space determines the complexity of the Hough algorithm in one hand and the accuracy in the 
other hand. The calculation of (10) can be done using different real time techniques for two 
dimensional search described e.g. in [12]. 
4.3 The line fitting phase 
In order to get accurate track parameter estimation, line fitting is applied to the muon track 
candidates. It is assumed that the track is a straight line in the chamber, and that the drift radius 
error is Gaussian. Although the second assumption is only an approximation (especially for 
small radii), it was shown in [10] that non-Gaussian errors have a small impact on the track 
fitting performance. Following the iterative fitting technique suggested in [16], the initial values 
of the track parameters are the results of the Multi-layers Hough transform algorithm. This 
algorithm identifies the hits which were produced by the muon (muon hits) and those which 
were produced by the background particles that masked the muons. Then, the hit radii to be 
fitted are those which were identified as muon hits. The track parameters are estimated by fitting 












=∑  (11) 
where i∆ is the distance from the track to the wire and 
2
iσ  is the variance at the measurement 
drift radius ir . In a high radiation background, where the number of track candidates is 
increased, it is possible to use the χ 2 value as another criterion to reject fake tracks, i.e. track 
candidates with a χ 2 value higher than a certain threshold are excluded. 
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5. Results 
The DTHT algorithm has been applied to the data of test beam for background rate varying 
from 0 kHz per tube (no noise) till 400 kHz per tube (about 7 times the nominal ATLAS 
background level). Although all the tubes in the chamber suffer from the high radiation, only 
those tubes whose distance to the real track is less than 150mm were used for track finding. This 
is similar to the ATLAS environment, where a trigger chamber defines a road in which a muon 
can be identified. The track reconstruction efficiency is defined as the ratio (3 ) /MDT extn n
σ
, where 
extn denotes the number of tracks reconstructed by the precision external silicon tracker (“truth”) 
and (3 )MDTn
σ
 is the number of tracks reconstructed in the muon chamber, whose distance to the 
“truth” is smaller than 3 time the chamber resolution. The chamber resolution is the standard 
deviation error of the estimated muon tracks position for clean events (without a radiation 
background) [8]. The fake track rate is the average number of false tracks reconstructed per real 
muon. It is defined as ( / ) 1MDT extn n − , where MDTn  is the total number of tracks reconstructed by 
the algorithm assuming that in each event there is one real muon track. 
Figure 9 depicts the fake track rate vs. the track finding efficiency for the naïve algorithm 
calculated using (7), and for the DTHT algorithm, calculated using (8), for background level of 
80 kHz per tube. The naïve algorithm (similar to [3],[8]) tries to find at least N (N=2,3,4,5) 
collinear hits without using any additional information, whereas the DTHT algorithm uses that 
information for improving the track detection performance.  
Both the naïve algorithm and the DTHT algorithm can reach 97% efficiency. However, the 
naïve algorithm suffers from high fake track rate, especially for an efficiency higher than 95%, 
whereas the fake track rate for the new algorithm is negligible. It can be seen from figure 9 that 
the use of the DTHT algorithm reduces the fake track rate significantly, without reducing the 





0.1 1 10 100













Figure 9. Number of fake tracks vs. track finding efficiency, for the naïve approach (solid line) and for 
the DTHT algorithm (dashed line). The points on the curves are the minimal number of collinear hits used 
in the algorithm (N=2,3,4,5).  
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Figure 10 depicts the track finding efficiency as a function of the fake track rate achieved 
by the DTHT algorithm for different background rates. Four lines are shown in figure 10. The 
lower line corresponds to the higher background rate, whereas the higher corresponds to the 
clean case (no radiation background). Each line consists of 4 points, each for different set of 
parameters, χ 2 and λ . It is possible to adjust the efficiency and fake rate values by changing the 
χ
2 threshold of (11) and the Hough threshold λ  of (10). It can be seen that it is possible to 
achieve efficiencies higher than 93% with reasonable fake track rates for background radiation 
rate lower than 200 KHz/tube. For background radiation rate higher than 200 KHz/tube, the fake 
track rate increases significantly. Note that for these very high background rates, about half of 
the tubes are masked by background particles. 
6. Discussion 
The DTHT algorithm uses more information than the naïve algorithm, and thus it significantly 
reduces the fake track rate while keeping the efficiency at the same level, as shown in figure 9. 
The DTHT algorithm was also compared to the one used in MuonBoy [4], which is the 
currently leading algorithm for muon reconstruction within the muon spectrometer in ATLAS. 
The Muonboy algorithm is based on combinatorial search and uses a non-symmetric penalty 
factor in its line fit calculation in order to suppress background hits in the track fit. While in the 
DTHT algorithm all the information is processed in a one Multi-Layers Hough transform, the 
MuonBoy heuristic algorithm assigns penalty to many segment combinations, and makes a 
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Figure 10. Fake track rate vs. track finding efficiency of the DTHT algorithm. The different lines are the 
optional tradeoff between fake rate and efficiency of the algorithm for different background levels.  
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Figure 11 depicts the efficiency as a function of the different background rates for the 
Muonboy and the DTHT algorithms. The efficiency values taken for the DTHT algorithm are 
those with approximately the same fake track rate as the MuonBoy algorithm. For both 
algorithms the efficiency decreases where the background level increases. It can be seen that the 
performance of the DTHT algorithm is slightly better than the MuonBoy algorithm for a high 
radiation background.  
As demonstrated in figure 10, it is possible to adjust the efficiency and fake rate values of 
the DTHT algorithm by changing the χ 2 and λ  parameters and thus get a better efficiency while 
increasing the fake track rate. As for the MuonBoy algorithm, however, higher efficiencies 
could not be achieved, even for higher fake track rate. 
A comparison of the algorithm computational loads can be done separately for the two 
algorithm phases – the track finding and the track fitting. 
During the track finding phase of the DTHT algorithm the Hough transform requires 
1
( )xO M N⋅  operations for calculating the transform and incrementing the appropriate Hough 
cell values , and 
1 2












clear 80 200 400









Figure 11. Track finding efficiency vs. the background radiation rate of the DTHT and the MuonBoy 
algorithms. The efficiencies of both algorithms are reduced significantly as the background radiation level 
increases. The efficiency of the DTHT algorithm is slightly better than the MuonBoy algorithm for high 
radiation background. 
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1 2
,x xN N  are the dimensions of the Hough space [17] and M is the number of hit points. A 
combinatorial line search, such as muon boy, requires 2( )O M  operations. If M is large it 
requires significantly more computational load than the Hough transform. In ATLAS, however, 
the number of the MDT tubes is relatively small, and therefore the number of hits, even in high 
radiation background, is not very large. Typical values of M can be between 30 and 300, 
depending on the chamber location. Since the dimensions of the Hough space 
1 2
,x xN N  are in 
the same range, both algorithms require about the same number of operations for the track 
finding phase. 
As for the track fitting phase, where the Muonboy algorithm calculates a fit for many line 
combinations, the DTHT algorithm calculates a fit only for the tracks which where found during 
the track finding phase. Since the line fitting process is a non-linear iterative procedure that 
requires many operations, the DTHT algorithm requires fewer operations. 
7. Conclusions 
High radiation environment makes the performance of a naïve tracking method insufficient. A 
better understanding of the detector can be used to improve the muon tracking performance. 
Using additional information, the DTHT algorithm significantly reduces the fake track rate. 
A comparison with the presently best performing algorithm in the ATLAS muon 
spectrometer (MuonBoy) shows similar achievable efficiency for a given fake rate. However, 
the DTHT enables one to easily increase the efficiency while adjusting the fake track rate, 
where for the MuonBoy algorithm this procedure is not trivial, if at all possible. Moreover, in a 
high radiation background, the DTHT algorithm requires less computational load.  
The DTHT is a general algorithm for track finding in a drift tube chamber. An additional 
reduction in complexity can be achieved for chambers containing large number of tubes. For 
such chambers, the Hough transform technique used by the DTHT algorithm reduces the 
computational load significantly. 
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